ILLUSTRATIONS

CONVERSION FACTORS AND ABBREVIATIONS
For the convenience of readers who System) units rather than the inch-pound converted by using the following factors. may prefer to use metric (International units used 
Background
Protection of ground-water quality for public water supply use has become a priority environmental issue. In recent years, one ubiquitous cause of degradation of ground-water quality has been nitrate contributed by subsurface wastewater disposal systems and agricultural activities. In New England, where shallow, unconsolidated aquifer systems provide large quantities of public drinking water and also receive large quantities of waste-water, the potential for water-quality degradation is a primary concern. In order for these two potentially conflicting activities to coexist within acceptable limits, the interrelation between withdrawal for water supply and wastewater discharge needs to be accurately defined. This definition requires a characterization of the aquifer system and quantification of the contribution of nitrate to ground water from land use.
Purpose and scope
The purpose of this paper is to provide an approach for evaluating the cumulative effects of nitrogen contributing land uses on water quality in public-supply wells. The method used computes the sum of all nitrate sources within the recharge area of a public-supply well in order to predict steady-state nitrate concentrations in the well water.
Specifically, the paper presents a massbalance accounting equation, tables of nitrate as nitrogen concentrations and flow volumes (Appendix A), and general model examples and directions for the preparation of a computerized spreadsheet for the mass-balance accounting model (Appendix B) for application to those areas that recharge the zones that contribute water to a well. The model may be appropriately applied to wellhead protection areas when those areas are derived from delineation of the areas that contribute recharge to a well, as they are in Massachusetts.
The proposed approach departs from previous nitrate loading approaches used in Massachusetts, by comprehensively accounting for nitrate inputs to that part of an aquifer that contributes water to a well. Properly applied, this approach will provide the necessary scientific foundation for planning development through land-use management, to keep nitrate concentrations at the wellhead below a chosen threshold value. Anyone intending to apply this approach needs to examine the Assumptions and Qualifications section of this paper.
Nitrate was chosen as the ground-water contaminant of concern for several reasons: Dilution is the principal mechanism by which nitrate in ground water is attenuated. Nitrate functions as a conservative chemical species after entering the saturated zone; it is not sorbed by aquifer materials nor is it removed by chemical reactions. Although nitrogen may be introduced to ground water in several dissolved forms, the proposed approach assumes that all nitrogen in ground water is converted to nitrate before reaching a public-supply well. Secondly, two health hazards are related to the consumption of water containing large concentrations of nitrate (or nitrite): induction of methemoglobinemia, particularly in infants, and potential formation of carcinogenic nitrosamines (National Research Council, 1977) . Because of th^se health related concerns, the U.S. Environmental Protection Agency (1975) has established a maximum contaminant level for nitrate as nitrogen in drinking water at 10 mg/L (milligrams per liter). Nitrate, as used hereafter in this report, refers to nitrate as nitrogen. In addition, the results of a study in Australia imply that the consumption of drinking water containing; elevated concentrations of nitrate during prcignancy is associated with a significantly increased risk of malformations in offspring (Dorsch, 1984) . Although nitrate may not be the cause of malformations, it is associated with their presence. It has been demonstrated that nitrate is a geochemical indicator for other more toxic contaminants associated with wastewater (D<|rsch, 1984 , Dewalle and others, 1985 and LeBlanc, 1984 .
Hydrogeologic Setting
Glacial outwash and ice-contact deposits of sand and gravel form the most productive aquifers in Massachusetts and New England. These water-table aquifers are most commonly less than 25 ft (feet) below land surface and less than 100 ft thick. They are typically located either on broad plains or in low valley areas adjacent to the streams of the region. Because these aquifers are recharged from the land immediately overlying them, ground-water quality is highly dependent on local land uses. Massachusetts has developed an approach to managing! ground-water quality that focuses management efforts on the land that recharges the parts of aquifers that contribute water to wells.
The delineation of the land area that provides recharge to a pumped well is a prerequisite for applying the methodology set forth in this paper. In Massachusetts, the land surface that contributes recharge to a public-supply well is referred to as Zones II and III by the Departmeiit of Environmental Quality Engineering. Zon^s I, II, and III are defined in 310 CMR 24.00 (Massachusetts Department of Environmental Quality Engineering, 1983 ) and shown in figure 1.
Zone I is the protective radius around a pub! ic water-supply well or wellfield owned or controlled by the water supplier, as required by the Massachusetts Division of Water Supply. Zone II (the Municipal Wellhead Protection Area) is defined in 310 CMR 24.00 as "The area of an aquifer that recharges a well (the land surface which overlays that part of the aquifer that recharges a well) under the most severe recharge and pumping conditions that can be realistically anticipated. It is bounded by the ground-water divides that result from pumping the well and by the contact of the edge of the aquifer with less permeable materials such as till and bedrock." Zone III is defined as "That land area beyond the area of Zone II from which surface water and ground water drain into Zone II. The surface drainage area as determined by topography is commonly coincident with the groundwater drainage area (ground-water divides in the upland materials) and will be utilized to delineate Zone III. In some locations, where surface-water and ground-water drainage are not coincident, Zone III shall consist of both the surface drainage area and the ground-water drainage area."
Zone II and Zone III are two-dimensional map projections of a three-dimensional subsurface volume. As such, the proper delineation of Zone II and Zone III need to account for significant aspects of the surface-water and ground-water hydrogeology -when a well is pumped, the resulting Zone II and associated Zone III represent a state of physical equilibrium. This state of physical equilibrium is reached (after days, weeks, or months), and maintained when the withdrawal from the aquifer because of pumping is balanced by various recharge mechanisms. These mechanisms include: areal recharge from precipitation; recharge from induced infiltration of surface water; recharge from subsurface wastewater disposal systems; and recharge from overland runoff and ground water that drain from Zone HI into Zone II. An accurate delineation of Zone II and Zone III would account for these various recharge mechanisms in their relative proportions. For a more detailed treatment of the determination of Zone II and Zone III see Massachusetts Department of Environmental Quality Engineering (1986) and Donohue (1986) .
Within Zone II, all ground water flows toward and converges at the well. This results in a complete mixing effect of the water (and associated contaminants) at the well as it is withdrawn from the aquifer.
The mass-balance accounting model presented in this paper is used to predict nitrate concentrations at the municipal wellhead. The concentrations predicted represent steady-state conditions at the wellhead.
In the field, steady-state conditions are reached when physical and dilution equilibrium are attained. Physical equilibrium is attained when the volume of water contributed by the various recharge mechanisms matches the amount of water withdrawn. Dilution equilibrium is attained at the wellhead when the concentration of nitrate in the various recharge mechanisms stabilizes, and that recharge (water and associated nitrate) has had sufficient time to move from the most distant regions of the Zone II to the wellhead. Steady-state conditions may take tens of years or more to achieve, after nitrate loads to the Zone II have stabilized. The amount of time necessary to achieve steadystate depends on the rate of movement of ground water in the Zone II being considered.
In summary, the delineations of Zone II and Zone III are important because water of impaired quality recharging the ground-water system within these areas ultimately will affect the quality of water at the wellhead. When steadystate conditions have been reached, the water quality observed at the wellhead represents the sum of the constituents (ratio of nitrate to the volume of water pumped) entering the Zone II. Ac cordingly, the management of nitrate loading within the Zone II and Zone III areas is an effective approach to prevent contamination of municipal-supply wells by nitrate. /AMP) for providing the impetus and forum to research and develop this document. The CCAMP was initiated in 1985 for the purpose of examining the adequacy of ground-water programs at all levels of government and for developing or recommending modifications of these programs. Members of the project included the Cape Cod Planning and Economic Development Commission (CCPEDC), the Massachusetts Department of Environmental Quality Engineering, the U S. Environmental Protection Agency, Region I, and the U.S. Geological Survey. This report is one of several products of the CCAMP intergovernmental collaboration. The authors also greatly appreciate the assistance of Ms. H. Gile Beye in preparing Appendix B, a user's guide to simplifying data handling.
DETERMINATION OF NITRATE LOADS Previous Approach
Previous work on calculating nitrogen loading to ground water for Massachusetts has focused on the determination of the minimum house lot size ( fig. 4 ) that could be allowed on an aquifer recharge area without violating the nitrate limit (10 mg/L nitrate as nitrogen) for dri:iking water (Cape Cod Planning and Economic Development Commission, 1978) . Thiu approach was based on a mass-balance mixture i equation described as follows. The average nitrate load and water volume from a septic system were estimated and the average nitrate loac from a lawn was estimated using information available in the literature (see Appendix A). To determine the quantity of recharge required to di lute the nitrate to the limit of 10 mg/L, these estimates of water volume and nitrate load were substituted in a mixture equation similar to the one shown below. All nitrogen from the septic system and fertilizer is assumed to be oxidized to nitrate after traveling through the aquifer to the public-supply well. Although the nitrate limit for drinking water is 10 mg/L, a planning goal of 5 mg/L was adopted by the CCPEDC to ensure that the health standard would be rarely exceeded (Cape Cod Planning and Economic Development Commission, 1978 STATIC report, the need to provide open-space data to justify the adjustment to 1 acre lots is eliminated. The conclusion that a housing density of one house per acre would meet the planning goal of 5 mg/L nitrate translated into a general planning guideline to protect ground-water quality. This calculation provided an average limit on housing density; for the protection of groundwater quality, this guideline, or some adaptation of ii, has been adopted by many towns and incorporated in their land-use zoning ordinances and development plans.
Proposed Approach
The intent of this guide and the following equation is to offer a comprehensive approach to limi ting nitrate concentrations from all sources 
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protection area (Zone II) to a public-supply well water to the well.
in the zones that contribute water to publicsupply wells (Zone II, as defined by the Massachusetts Department of Environmental Quality Engineering, Division of Water Supply) ( fig. 3 ). Nitrogen from all sources is assumed to be oxidized to nitrate before entering a publicsupply well. The mass-balance accounting model described here is for prediction of steadystate conditions in which all of the nitrate and water entering the Zone II are in equilibrium with and equal to that withdrawn for public supply. Currently observed low concentrations of nitrate are not necessarily indicative of future concentrations because many years may be required to reach steady-state conditions. On the basis of slow movement of ground water, as determined in the Cape Cod aquifer (LeBlanc, 1984) , the steady-state condition is estimated to take tens of years or more to be approached in most parts of the Cape Cod aquifer. This method also requires that only a small percentage (less than 25 percent) of the water withdrawn be discharged to and recharged to ground water within Zone II. If a large part of the water produced by a public-supply well were returned to the zone that contributes water to the well (Zone II), then recycled nitrate would dominate the effects of dilution from precipitation and other recharge sources, and nitrate would increase and exceed 10 mg/L. Wells so affected by recycled nitrate will eventually produce water with more than 10 mg/L nitrate. For these wells, the approach described here is ineffective. For most wells, however, this approach is effective because most public-supply wells supply areas much larger than their Zone II.
Although there are reasons for groundwater quality protection outside of the Zone II, this paper is limited to activities within the wellhead protection area (Zone II) ( fig. 4 ) that affect nitrate concentration in water from the public-supply well. This approach is an expansion of and more complete use of the massbalance dilution equation used previously to determine a maximum average housing density on Cape Cod. An example of the equation and its accounting for all sources follows:
Nitrate nitrate load nitrate load concentration from precipitation from sources in well water total volume of water The load of nitrate in recharge from precipitation is the product of nitrate concentration in recharge (Cr) times the volume of recharge derived from precipitation after adjustment for water from other recharge sources (Vw -0.9 (Vi+V2+...+Vn)). Nitrate concentration in ground-water recharge from precipitation on Cape Cod (Cr) was estimated as 0.05 mg/L on the basis of an analysis of the frequency distribution of nitrate concentration in ground water. Thirty percent of about 5,000 ground-water samples from Cape Cod had nitrate concentrations of 0.05 mg/L or less. The term LI+ L2+...+Ln is a summation of the loads of nitrate from all sources within the zone. The term 0.9 (Vi+V2+...+Vn) represents the| quantity of water returned to the aquifer by the septic systems and other return flows and is subtracted from the withdrawal rate to obtain the quantity of recharge from precipitation that will reach the well. The value of the term Vj4lV2+...+Vn would have been determined for delineation of the zone of contribution (Zone II) and therefore would be available for substitution in the mass-balance nitrate calculation. The sum of the volumes of wastewater are multiplied by 0.9 to adjust for a 10-percent Ibss by evapotranspiration as estimated in the previous work by CCPEDC. In other climates where evapotranspiration rates and practices of water users may differ, this adjustment value for water loss may be changed. Nitrogen may be introduced to the ground water in several chemical forms, but is assumed to be oxidized to nitrate before reaching the well. For liquid sources, Ci and Vj are the concentration of nitrogen, in all its chemical forms, and volume of water contributed by the first source, respectively, C2 and V2, the second source, and Cn and Vn, the last (nth) source. These data are compiled, summed and substituted in this equation (3) to calculate an estimate of the nitrate concentration for ground water at the well (Cw). It is recognized that this calculation is an estimate that approximates the concentration of nitrate at a public-supply well under several simplifying conditions, none of which are expected to be fully me; in an actual situation. The process of denitrification of ground water has not yet been described in sufficient detail to allow its inclusion in these calculations and is omitted. The resulting influence of this omission on the calculation is expected to be small because of the low rate of the denitrification in ground water, but the calculation should result in a slightly higher estimate than would actually occur. Other inaccuracies of the calculated concentration may be introduced by the imprecision with which the individual loads are estimated, the imprecision of the mapping of the municipal wellhead protection area (Zone II), and the areal variation of recharge from precipitation over the Zone. The nitrate concentrations calculated by thiu approach are intended to be a guide for broad decisions on limiting land uses that increase nitrate concentrations in water-supply we Is. The significance of nitrate as a contaminant and an indicator of contamination for pul die health in drinking water is described in the introduction to this report.
APPLICATIONS
The prediction of nitrate concentration at a well by the dilution accounting approach can be used to evaluate the potential for exceeding nitrate concentration health limits or planning goals. Dilution accounting calculations also can be used to assess the relative effects of various specific land uses or levels of development on water quality. In these applications, nitratedilution accounting is a water-quality planning and management tool that can be used to guide decisions. To calculate nitrate concentrations in milligrams per liter, the water volumes and nitrate weights given in many references and in Appendix A of this report need to be converted to metric units. Some examples of calculations and discussion of their potential use for planning and management of ground-water quality follow.
Calculation of the Effects of Existing and Proposed Land Uses
A prediction of the effects of land uses, either existing or possible within zoning restrictions, may be calculated by summing the nitrate 1 Values are selected from Appendix A, nitrate as nitrogen concentrations in effluent were increased by 5 mg/L based on the assumption that public water supply would not exceed the 5 mg/L planning goal, the 453,592 milligram per pound conversion was rounded to 454,000 milligrams per pound, and a conversion factor of 3.785 liters per gallon was used. Volume was rounded to nearest 5 liters. In this example of a well pumped at 1 million gallons per day, the calculated nitrate concentration in the well is 4.94 mg/L, close to the anning goal of 5 mg/L. These predictions can impared with water-quality limits or plangoals to evaluate land-use, zoning, or welllocation decisions.
CO be ning
Calculation of the Effect of an Additional Source
The advisability of permitting a proposed 40-bsd addition to the hospital (table 3, fig. 4 ) in the ssone of contribution can be determined by predicting its effect on nitrate concentration in the well. To calculate the nitrate concentration that would result with the hospital addition, the estimated additional water volume and additional nitrate load can be added to the previously determined totals and the new totals substituted in the equation. The calculation includes the water volume and nitrate load that would be caused by the hospital addition. The resultant prediction exceeds the planning goal of 5 mg/L. If the planning goal is to be upheld, then the conclusion could be to deny approval of the hospital addition as proposed. In this way, the nitrate accounting equation becomes a decision-making tool for limiting the amount of nitrate discharged to the wellhead protection area. It can also be used to compare various potential development plans and to select future development alternatives. For example, the effect of sewering could be predicted by subtracting the load of nitrate that would be sewered rather than discharged within the Zone II.
Calculation of the Effects of Different Pumping Rates
produced by the sources within the smaller zone and solving the equation to predict the nitrate concentration at the well (tables 4 and 5), it is possible to determine whether the 5 mg/L planning goal would be exceeded at a lower pumping rate. Comparison of the two nitrate concentration predictions under different pumping rates would also indicate whether the sources of nitrate are uniformly distributed within the larger wellhead protection area, or whether they are concentrated close to or far from the well. Changes in pumping rates can result in decreased or increased nitrate concentration. This example considers a nonumform distribution of nitrate sources and a reduced pumping rate. Because a well may not be pumped at the same rate every year and because there is no guarantee that the sources of nitrate will be uniformly distributed within the zone of contribution, additional calculations are advisable. If a lower pumping rate is assumed, then the predicted zone of contribution to the well will be correspondingly smaller and closer to the well. Figure 4 shows the zone of contribution for a well pumped at 1 Mgal/d (million gallons per day) and a smaller zone of contribution for the same well when pumped at 0.5 Mgal/d. By summing the water volume and nitrate load _ .05 (1,892,500 -0.9 (241,010 )) + 10.071,780 w 1,892,500
In this example, because the loading sources were more heavily concentrated close to the well, the nitrate concentration predicted for the smaller zone of contribution is higher than that calculated for the larger zone, exceeding the 5 mg/L planning goal. Similarly, calculations of load can be expanded to account for larger areas of contribution if additional pumping is planned. + (VOT COT ) are in glacial-valley aquifers bounded by less permeable till and bedrock uplands and by streams. To account for nitrate loading in these aquifers, some additional components need to be added to the dilution accounting equation. Where a well derives part of its yield from induced infiltration from a stream (figs. 1 and 5), the quantity of water (V.) and nitrate concentration (C8) of the stream water need to be entered into the accounting. Similarly, where water drains from beyond the aquifer into the zone that contributes water to the well (figs. 1 and 5), the volume of that water (Vm) and the nitrate concentration of that water (Cra) need to be entered in the accounting. These considerations result in the following expansion of the dilution accounting equation: The volume of water from streams and the volume of water from Zone III are essential ingredients for the determination of the zone of contribution to a well (Donohue, 1986 and Morrissey, 1987) and, therefore, need to be available ever the zone of contribution (Zone II) has been determined. Appendix B is a computer spreadsheet for applying this accounting approach to a publicsupply well in the most complicated case where there are contributions from surface water and from outside of the aquifer (Zone III). If no water is contributed from these sources, as on Cape Cod, then zeros are entered for V8, C8, Vra, and CmFrom inspection and comparison of the calculated nitrate loads from various sources, a relative ranking of the importance of the sources can be developed. Once the nitrate-loading data are entered into an automatic spreadsheet, such as shown in Appendix B of this report, only minor modifications are necessary to make sensitivity analyses to test for the consequences of different development levels or alternatives. Assessment and comparison of the potential effects of all sources through the nitrate accounting process described here assists in the recognition of the greatest potential sources for contamination of water quality and corresponding selection of priorities and scale of groundwater quality management efforts.
ASSUMPTIONS AND QUALIFICATIONS
1. The nitrate accounting approach described here provides the necessary information for land-use decisions that may limit groundwater contaminants in the wellhead protection area of wells completed in water-table aquifers. The approach is appropriate for contaminants that are attenuated predominantly by dilution and tolerated in the 1-to 500-mg/L range of concentration, such as nitrate, chloride, and total dissolved solids. The approach is not useful for managing or evaluating sources of other types of contamination, such as solvents and fuels. The nitrate predictions that result are approximations of long-term average concentrations, imprecise in that actual concentrations may be expected to be above and below the average. For this reason, a planning standard, or goal, of 5 mg/L, which is lower than the 10 mg/L health standard, has been recommended by the CCPEDC and is used in the examples in this guide.
The approach assumes that, under steadystate withdrawal conditions, all of the water and nitrate withdrawn from the well are derived from the zone of contribution for the well, and that only some of the water withdrawn is returned to the zone of contribution as return flow. In those situations where a well derives some of its yield from induced infiltration from streams or other surface-water bodies, the quantity and quality of induced infiltration need to be entered in the accounting. The quantity of water derived from induced infiltration would have to be computed in order to delineate the zone of contribution and, therefore, be available for nitrate calculations. In those situations where a well derives some of its yield from an area of till 13.
DRAINAGE DIVIDE Figure 5 . Glacial-valley aquifer contribute water to upland beyond the boundary of the aquifer from which ground and surface water drain (Zone III), the quantity and quality of such drainage need to be entered in the accounting.
3. The equations are useful for predicting concentration at the well under steady-state conditions where all of the water from the zone of contribution is mixed. Individual plumes with elevated concentrations of contaminants would be expected to emanate from septic systems and other sources within the zone of contribution. Therefore, the prediction is not appropriate for determining contaminant concentration at other points within the aquifer, or determining the concentration in any smaller (private-ZONEI --400 foot protective nidius about public-supply well ZONE II Land surface overlaying the pjart of the aquifer that contributes water to the wet ZONE III -Land surface through and over which water drains into Zone showing the recharge zones and stream which a public-supply well.
4.
domestic supply) wells within the zone of contribution.
After entering the saturated zone, the contaminant (nitrate) is considered to be conervative. It is not precipitated or adsorbed y aquifer materials. Attenuation in the aturated zone is assumed to occur only hrough the process of dilution. Some iminishment of nitrate through other recesses is known to occur, but the quanities affected are not large enough to be considered in these gross calculations. Any changes in water quality owing to renovation in the uns aturated zone need to be accounted for before load values are input to the mass-balance model. Reduction of source loads from the initial loads given in appendix A will be dependent on soil type, the thickness of the unsaturated zone and the interaction of the source's variable components, which are specific to each zone of contribution. No renovation is assumed in the examples given in this report because the unsaturated zone is thin (10 to 30 ft) and composed of permeable coarse sand.
5. The zone of contribution to the well is assumed to remain constant in size and shape for application of the nitrate accounting approach described here. Actually, the size of the zone is expected to become smaller as more return flow from septic systems recharges the zone of contribution, but additional recalculations of the zone of contribution would most likely be expensive and have an unacceptably high cost to benefit ratio. Therefore, this assumption results in protection of a zone slightly larger than may actually contribute water to the well and is therefore considered conservative if sources are uniformly distributed. Recharge to the aquifer is assumed to be uniform over the zone of contribution. Where variations of aquifer properties or surface-drainage characteristics cause irregular distribution of recharge, both the delineation of the zone of contribution and the calculation of contaminant concentration would have to take those variations into account. Under such conditions, the predictive approach described in this guide may not be accurate.
6. For the examples shown here, return flow of public-supply water is estimated to be 10 percent less than the quantity of water supplied because of evaporation and transpiration from outdoor uses and from septic system leach fields. Future research may indicate that the return flow from septic systems is somewhat different. The 10-percent value is based on the findings of CCPEDC and estimates for Long Island, New York. Soil conditions over other aquifers will most likely allow different rates of evaporation and transpiration with proportionate adjustment of the return flow rate.
7. On the basis of nitrate analyses of about 5,000 water samples from shallow wells on Cape Cod, the nitrate concentration of ground-water recharge was estimated to be 0.05 mg/L for the examples in this guide. The concentration of nitrate in recharge may vary considerably from region to region primarily because of differ-ences in quality of precipitation, soils, and geology. Application of the nitrate accounting approach described here needs to take these local geochemical and hydrologic conditions into consideration.
8. By predicting nitrate loading for different pumping rates and correspondingly different zones of contribution, the effects of irregular distribution of sources may be tested. It would be possible for nitrate sources to be concentrated about a well in such a pattern that, although the nitrate planning goal is not exceeded at the maximum withdrawal rate, it might be exceeded at some lower withdrawal rate. This is a significant consideration, because withdrawal rates from an individual well are commonly changed from time to time.
CONCLUSIONS
This nitrate accounting approach can be used to predict nitrate concentrations in publicsupply wells. These predictions will allow planners and managers to recognize what level of incremental development will cause violations of nitrate planning goals thereby signaling the need to cease further development of nitrate loading activities within the zone of contribution. Alternatively, predictions may be used to indicate the level of development at which sewering within the zone of contribution would be needed to limit nitrate contamination of a public-supply well. Most importantly, this nitrate accounting approach provides a technical basis for evaluating future alternative development plans and for comparing tradeoffs between various land uses and development proposals in ground-water quality protection areas. 
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APPENDIX A Nitrogen concentrations associated with different land uses
A-l Section 1. Sewage Flow Volumes and Nutrient Concentration
The following Table lAis a list of sewage flow volumes commonly discharged from commercial, recreational and domestic land uses. The nitrate figure presented is the concentration of nitrate as nitrogen expected to be generated, assuming ammonia nitrogen has been bacterially oxidized and is in the nitrate form. Section 2 -Animal Feedlot Nitrogen Production Table 2A presents the nitrogen production potential common to animal feedlot waste products: is comparable in nutrient value to 500 Ibs of a 10-6-10 (nitrogen-phosphorous-potash) commercially available fertilizer.
Section 3 -Nutrient Utilization by Crops, Trees, and Ground Cover
When considering the amount of nitrogen available to leach throughout vegetated top soils and surficial deposits, the nitrogen uptake potential of the ground cover needs to be considered. Table 3A presents values from the literature describing the nitrogen uptake potential for several crops and ground covers. (Cornell University, 1974 , Harper, J., 1983 and Wells, R.G., The Fertilizer Institute, oral commun., 1986 . Table 3A Fertilizers are applied to ground covers and crops to stimulate growth and productivity. The following table describes the lawn fertilizer application rates suggested by the National Fertilizer Institute in their publication "Turf and Garden Fertilization Handbook", (Harper, 1983) . The rates of application suggested should stimulate maximum plant growth under most circumstances. The grasses listed are common ground covers found throughout Massachusetts and the fertilizers are readily available commercial products. Island 208 study might be excessive when discussing the average lawn on Cape Cod. Golf courses on Cape Cod that are meticulously maintained apparently apply on the average between 3 and 4 pounds of nitrogen per 1,000 ft2 per year. It is highly unlikely that the average lawn on Cape Cod is maintained to such rigorous standards. For argument's sake, assume that the average lawn of Cape Cod receives more than half the fertilizer per unit area than that of a professionally maintained golf course. In this case a volume of 2 lbs/1000 ftVyr could be used as an average, stretching the application rate to 3 Ibs for green lawn enthusiasts.
Section 9 -Nitrate Leachability
Following a literature review and consultation with people working in the agricultural disciplines, it appears that there is a probable range of values representing the percent of nitrate leaching into ground water through vegetative cover and soils. Nitrogen applied to the land surface from various fertilizers is presumed to be converted to nitrate and from 10-60 percent of the volume initially applied will reach the ground water as nitrate. This large range of leaching nitrate is dependent on the factors listed above. Values in the neighborhood of 45-50 percent might be most representative of the Cape Cod environment. For the sake of argument several scenarios concerning fertilizer applications are presented below: Assuming average lawn sizes to be approximately 5,000 fta (CCPEPC, 1979) these are the probable ranges of nitrogen likely to leach into ground water. The application rate of 6 lbs/1,000 ftVyr was used to demonstrate volumes that are generated by overzealous or incorrect applications of lawn fertilizer. As was mentioned earlier, grasses are most productive when a specific quantity of fertilizer ia applied (per T^hlft 7A). Overfertilization may be harmful to the plants and results in excess nitrogen available to leach into ground water. In this case, more is definitely not better.
Lawn sizes and fertilizer application rates vary greatly from region to region and from home to home. Local conditions should be evaluated to accurately predict the effects of lawns on ground-water quality.
Section 10 -Golf Courses
Fertilization rates for two golf course settings were available for review (Belfit, G., CCPEDC, oral commun., 1986) . Both courses are situated on Cape Cod. Because fairways generally constitute close to 90 percent of a golf course's total land area, the fertilizer application rates assigned to fairways can be used to represent an overall application volume: 
